located within Swietokrzyskie Province (Poland). As part of the study, viscosity, viscous elasticity and the rate of volatile component loss were marked, and the influence of these parameters on the diffusion rate of salicylic acid and boric acid to an in vitro external compartment was analyzed [7, 23] . In this work, for the interpretation of the mass exchange process at the phase boundary, the method of agar plates containing the marker of diffusion was employed. The above study method was used to compare the ointment prepared by way of a conventional technique (in a mortar) and by way of the aid of an unguator [12] .
INTRODUCTION
Ointments constitute the predominant (the main) category of prescription preparations prepared in community pharmacies and hospitals [1, 2, 8, 11, 14, 17, [19] [20] [21] . It should be noted that the clinical effectiveness of these dosage forms is determined by the solubility of the biologically active substances in vehicle, as well as their rheological parameters [3, 5, 6, 9, 13, 18, 22] . In ointments, the physicochemical properties of the vehicles, especially the relationship between solid and liquid phase, determine their viscosity (ŋ), and, therefore, modulate the magnitude of diffusion coefficient (D) as calculated by the Einstein-Smoluchowski equation (D = k·T/6π r ŋ) [4, 10, 15] .
The aim of this study was to analyze the morphology of magisterial formulae prepared in selected pharmacies Pharmaceutical Laboratory S.J.), anhydrous lanolin (Lanolinum anhydricum; PPF Eucerini Works, Pharmaceutical Laboratory S.J.).
Therapeutic agents -ingredients of magisterial preparations
Urea (CO(NH 2 ) 2 ), precipitated sulfur (Sulfur precipitatum), boric acid (H 3 BO 3 , Acidum boricum), salicylic acid (C 6 H 4 (COOH)OH, Acidum salicylicum) -"Amara" Pharmaceutical Works Cracow.
The molecular radius (r) of boric acid was calculated by the equation r = √3V/4π = 2.23096·10 -8 cm (1A° = 1·10 -8 cm), upon estimating its molecular volume (Σ ΔV = 28.0 cm 3 /mol), using the Fedors method (14) .
The molecular radius (r) of salicylic acid was calculated by the equation r = √3V/4π = 3.321099·15
8 cm (1A° = 1·10 -8 cm), upon estimating its molecular volume (Σ ΔV = 91.5 cm 3 /mol), using the Fedors method (14) .
The model therapeutic agent (salicylic acid) represented an inhomogeneous system. Herein, the micronization of salicylic acid resulted in a degradation of its primary crystallographic structure, and a tendency towards the adhesion of molecular contact surfaces.
Equipment
Cone-plate digital rheometer (DV-III, version 3.0; Brookfield) with a "Rheocalc for Windows" software, mechanical stirrer (R50D; CATM Zipperer GmbH), unguator (CITO UNGUATOR e/s; EPRUS, Bielsko-Biała), digital caliper enabling measurement of the diffusion area (CD-15CP Absolute Digimatic Caliper; Mitutoyo), analytical scale (WPS 36/S; Radwag).
To determine the correlation equations describing diffusion in the course of time, Microsoft Excel 2010 was used. This observation was confirmed by the approximation formulas describing the kinetics of water loss from the ointments based on lanolin-containing absorptive vehicles at p = 0.05. The formulas that describe the abovementioned process with the highest values of correlation coefficients (r) are presented in Table 10 .
Vehicles used in magisterial formulae (ointments) prepared within the Świętokrzyskie Macroregion
The number of magisterial topical formulae (ointments) was estimated as a percentage of all prescriptions filled in 2009-2012, by the selected community pharmacies from Swietokrzyskie Province (Pharmacy in Blizyn, "Cefarm" Pharmacy in Kielce, Pharmacy in Gorno, "Warszawska" Pharmacy in Kielce, Pharmacy in Zagnansk, Pharmacy in Daleszyce, Pharmacy in Kielce, "Zagorska" Pharmacy in Kielce, Pharmacy in Bodzentyn, Pharmacy in Bieliny, and Pharmacy in Chmielnik I and II). Although the percentage of magisterial formulae in the total number of filled prescriptions turned out to be region-specific, it did not exceed 8.78% (mean 3.50%). The vehicles used in the magisterial formulae included: lanolin (44.81%), yellow petrolatum (25.96%), white petrolatum (27.54%), eucerin (20.15%), cholesterol ointment base (26.01%), "hascobaza" (13.15%), "lekobaza" (1.97%), zinc paste (2.68%), lard (0.12%), solid paraffin (0.35%) and zinc ointment base (0.19%).
Magisterial formulae (ointments) containing boric acid and salicylic acid
The study included the three magisterial topical formulae (ointments) containing salicylic and boric acid that were most often prepared in the community pharmacies mentioned above. Compositions of these formulae are presented in Table 1 . The magisterial formulae (100 g each) were prepared according to the prescription and in line with the technological pharmacopeial recommendations "lege artis" stated in Polish Pharmacopoeia X (Ph.Pol X) [16] . To compare their applicatory properties, the ointments were prepared with two different methods: using a conventional technique (i.e. in a mortar) and with an aid of an unguator.
Determination of rheological parameters of the magisterial formulae
The viscosity of the ointments (Table 1) was determined with a cone-plate digital rheometer (DV-III, version 3.0; Brookfield) connected to a bath thermostat (PGW E-1; Medingen). Viscous elasticity of the ointments was measured with an extensometer with polycarbonate top and bottom plates [7] .
Determination of the therapeutic agent release to an external compartment
An agar hydrogel (2 g of agar per 100 cm 3 of deionized water) was prepared on a Petri dish, with iron(III) chloride (FeCl 3 ) or methyl orange (an indicator of pH aH+ ) being added. Holes of an appropriate diameter were cut in the solidified hydrogel with an aid of a cork borer, and filled with the salicylic acid-containing ointments. The rate of diffusion was determined on the basis of a color reaction between salicylic acid (ligand) and Fe 3+ (transition metal, forming a violet color complex), or between the hydronium ion (H 3 O + ) and the indicator structure (change of color to red). The size (diameter) of a color zone within the agar hydrogel reflects as a function of time (t, min), the diffusion rate of a therapeutic agent (P = πr 2 ) released to hydrogel from an ointment.
Determination of the rate of volatile component loss from an ointment
The rate of volatile component (water) loss from magisterial preparations containing a 3.0% solution of boric 3 3 Current Issues in Pharmacy and Medical Sciences acid, was determined by way of the gravimetric method, at 37° ± 0.2°C, as described elsewhere [23] .
RESULTS AND DISCUSSION
The viscosities of the magisterial preparations determined at a constant shear rate (Table 2) This enabled us to calculate the diffusion coefficients (D) for therapeutic agents contained in the magisterial formulae presented in Table 1 . The D-values for the analyzed preparations are shown in Table 2 . The data presented in Table 2 suggest that the magisterial formulae prepared with an aid of an unguator were characterized by higher values of diffusion coefficient (D), albeit within the same order of magnitude as for the conventionally-prepared formulae. The fact that the ointments containing aqueous molecular solution of boric acid (3.0%) showed similar values of the diffusion coefficient (D), irrespective of the preparation technique, seems particularly interesting in the context of their applicatory properties. In contrast, the salicylic acid-containing ointments prepared with the two methods differed markedly in terms of their D-coefficients. Subsequently, the viscous elasticity of the same formulae prepared by way of the two alternative methods was determined with an aid of an extensometer (Tables 3 and 4 ). The data presented in Tables 3 and 4 suggest that the salicylic acid-containing ointments prepared through a conventional technique (in a mortar) were characterized by significantly greater viscous elasticity, than were the ointments based on the same prescription formula, but prepared by way of an unguator. In turn, the ointments containing a 3% solution of boric acid showed similar viscous elasticity irrespective of the preparation technique. However, it should be noted that the formulae no. 4 and 6, both prepared with an aid of an unguator, were characterized by a slightly better viscous elasticity than were their analogues prepared by way of a conventional technique.
The aforementioned findings were confirmed by the use of approximation equations. These describe the relationships between an increase in the surface area, ∆S (S t -S o , cm 2 ), and applied strain, ∆m (m t -m o , g): ∆S (cm 2 ) = f (∆m, g) at p=0.05 (Table 5) . Analysis of the approximation formulas presented in Table 5 , namely the values of elastic constant K (regression coefficient b), brings about a confirmation that the conventionally-prepared ointments containing salicylic acid were characterized by greater viscous elasticity than were their analogues prepared with an aid of an unguator. Noticeably, the approximation equations: y = a + b · x and log y = a + b · log x (a logarithmic form of an exponential equation y = a · x b ) describing the viscous elasticity of the conventionally-made formulae, were characterized by the highest values of correlation coefficients (Table 5 ). In the case of the formulae prepared with an aid of an unguator, apart from the equations mentioned above, high values of correlation coefficients were also found for the equations: log y = a = bx, y = a + b · log x and log y = a + b · 1/x. This likely reflected differences in the structure of vehicles used in formulae prepared with an unguator and those of conventionally-made preparations.
The data obtained during the complex analyses of viscosity and viscous elasticity of the same magisterial formulae (ointments) prepared with the two alternative techniques, enabled us to estimate the diffusion rate of salicylic acid to the external compartment (2.0% agar hydrogel). For such work, we used a color indicator, i.e. the violet complex of Fe 3+ with the salicylic acid ligand, as well as methyl orange changing its color in response to changes in the activity of the hydronium ion pH aH + during the diffusion of salicylic acid into the hydrogel. The data on the increase in the surface area of the released salicylic acid (S = πr 2 , mm
2 ) as a function of time (t, min), is presented Tables 6 and 7. The abovementioned process was described with approximation equations at p = 0.05. The regression coefficients of the equations characterized by the highest values of correlation coefficients (r) are presented in Table 8 . The data presented in Tables 6 and 7 point to a relatively stable diffusion rate of salicylic acid. This is confirmed not only by its similar diffusion areas (AS, mm 2 ), but also by its constant diffusion rates (k) (regression coefficients b).
The data on the diffusion rate of salicylic acid to agar hydrogel (i.e. diffusion of the hydronic ion H 3 O + -pH aH + ), determined with a novel indicator (methyl orange), suggests that, irrespective of the D-coefficient magnitude, the process of mass transfer across a phase boundary is characterized by a kinetics o (y = a + bx); however, the values of correlation coefficient (r) were higher for a logarithmic form of the exponential equation y = a · x b (log y = a + b · log x).This likely results from different densities of the formulae (ointments), irrespective of their preparation technique, and especially from extremely different levels of hydrophilic-lipophilic balance (HLB) within either ointment's vehicle and external hydrogel compartment.
The release of salicylic acid from ointments prepared by way of the two alternative methods was described through y = a + b · cx type equations, and through a logarithmic form of the exponential equation y = a · x b (Table 8) ; all the equations were characterized by high values of correlation coefficients (r). The values of the regression coefficients of the approximation equations presented in Table 8 suggest that the methyl orange-based analytical model was characterized by relatively higher values of diffusion constant k (only a dissociated molecule of salicylic acid was released from the ointment).
Lack of rapid loss of volatile component (i.e. water) from a formula constitutes a prerequisite of effective pharmacotherapy with ointments based on absorptive vehicles (e.g. anhydrous lanolin, Lanolinum anhydricum). Herein, the loss of water results in a change of viscosity at a phase boundary, which is reflected by a marked decrease in the diffusion coefficient magnitude (D = kT/6πrŋ). This argument stimulated us to analyze the degree of volatile component (water) loss from magisterial formulae containing various amounts of 3% boric acid and prepared with an aid of two different techniques. The results presented in Table 9 suggest that, irrespective of the preparation technique, the loss of volatile components (water) from the preparations containing 10.0% and 20.0% (v/v) of 3% boric acid did not exceed 1.5% (Table 9 ). In contrast, significant differences were found in the degree of water loss from the ointment containing 33.3% (v/v) of 3% boric acid. Here, while the loss of water from the ointment no. 5, when prepared with the aid of an unguator, did not exceed 0.8%, the analogous parameter for the formula prepared by way of a conventional method (i.e. in a mortar) amounted to 2.3% (Table 9 ). These findings suggest that the use of an unguator promotes greater dispersion and better binding of water, by the vehicle component, lanolin (an emulsifier of a w/o system).
This observation was confirmed by the approximation formulas describing the kinetics of water loss from the ointments based on lanolin-containing absorptive vehicles at p = 0.05. The formulas that describe the abovementioned process with the highest values of correlation coefficients (r) are presented in Table 10 .
The rate of volatile (water) component loss from ointments containing 3% solution of boric acid suggests that such formulae lose no more than 2.3% of their mass when exposed at 37°C. Therefore, the viscosity of such ointments applied onto patient's skin should remain relatively stable for 3h (180 min), which is reflected by the stable value of the diffusion coefficient (D). Table 6 . Diffusion rate of salicylic acid from model magisterial formulae at 25°C to agar hydrogel (5%), determined using a color complex with Fe 3+ ions
Formula no. 1 Formula no. 2 Formula no. 3 "u" "m" "u" "m" "u" "m" 
CONCLUSIONS
1. Ointments prepared with the aid of an unguator, irrespecof an unguator, irrespective of the composition, result in a higher diffusion coefficient than do ointments prepared by means of a conventional technique (in a mortar). 2. Ointments containing salicylic acid that were prepared through the classical method have better viscous elasticity than do ointments prepared in unguator. 3. Ointments containing anhydrous lanolin are characterized by the same viscous elasticity, regardless of the technology used. 4. The method of agar plates with marker makes it possible to estimate the transfer rate of active substance from the drug form. 5. Ointment containing 3% solution of boric acid have a stable viscosity. This results in a stable value of diffusion coefficient "D", thus a steady and effective clinical release of a medicinal product. 
